Abstract -The primary goal of this mini-workshop is to introduce participants to practical, validated methods of identifying and remediating student misconceptions concerning scientific concepts through the use of Engineering Teaching Kits (ETKs). ETKs are selfcontained standards-based units grounded in the constructivist philosophy of education and the principles of guided inquiry and active learning. They were originally developed for use in middle schools, but the activities have proven scalable throughout P-12. By the end of the workshop, participants will be introduced to the literature on misconceptions; be able to identify appropriate methods for assessing misconceptions; and gain experience in using ETK activities to remediate misconceptions. Participants will have the opportunity to work with popular ETKs, HoverHoos and Save the Penguins, to accomplish these learning objectives. The instructors will provide discussion notes, appropriate references, and materials. Attendees will be registered with the ETK Collaborative web site for access to additional ETKs and supporting materials. This miniworkshop will be of interest to faculty and program staff involved in P-12 outreach activities, and to P-12 educators interested in developing integrated STEM curricula.
INTRODUCTION
For years, engineering schools have engaged in extensive outreach programs to attract students to science, technology, engineering, and math (STEM) programs. This outreach is in response to several trends that pose a threat to the United States' ability to remain globally competitive, such as stagnant or declining numbers of students earning undergraduate degrees in these fields while the need for trained professionals increases; and the under-representation of females, African Americans, Hispanic Americans, and Native Americans in STEM fields. These outreach programs seek to educate, engage, and empower students with respect to STEM.
Initially, outreach programs focused on high school students because they seemed to be the most logical candidates for recruitment for postsecondary STEM studies. However, students failed to enroll in the hoped-for numbers for several reasons, including not being academically prepared to enroll in college STEM courses because previous curriculum choices resulted in limited math and science in their programs of study, and students' lack of awareness of engineering as a possible career because of unfamiliarity with the profession [1] . The natural extension, then, was to focus projects at the middle school level, where timely interventions would lead to enrollment in classes that would better prepare students for the rigors of college STEM studies. With research demonstrating that engagement must begin as early as possible in order to achieve the goal of increasing the number of undergraduate degrees earned in STEM fields, outreach can be found throughout the entire P-12 pipeline [1] - [5] .
The primary goal of this mini-workshop is to introduce participants to practical, validated methods of identifying and remediating student science misconceptions through the use of Engineering Teaching Kits (ETKs), our intervention strategy of choice. ETKs are self-contained standards-based units grounded in the constructivist philosophy of education and the principles of guided inquiry and active learning which engage students in a series of age-appropriate engineering design challenges to reinforce selected concepts in math and science. They were initially developed in conjunction with the Virginia Middle School Engineering Education Initiative (VMSEEI) for students in grades 6 -8 [6] - [8] , but have been proven scalable for use by students throughout P -12.
By the end of the workshop, participants will be able to list common misconceptions students have in various science disciplines; identify appropriate means of assessing misconceptions; and gain experience in using ETK activities to remediate misconceptions. Participants will have the opportunity to work through exercises in identifying and remediating student misconceptions with respect to Newton's Third Law of Motion and the concepts of drag and friction using a popular ETK, HoverHoos, and to principles of heat transfer using another popular ETK, Save the Penguins [9] . Details on these ETKs are provided later in this paper.
ETK BACKGROUND
Since 2002, teams of students and faculty at the University of Virginia (UVa) have developed, tested, and distributed ETKs for use in middle school science and math classes [6] , [8] , [10] . An ETK is a set of lesson plans designed to teach math and science concepts in the context of engineering design. ETKs promote awareness of and excitement about the nature of engineering. Students develop an appreciation for the tradeoffs involved in the practice of engineering, and how engineering decisions have an impact on society and the environment. Each ETK emphasizes the engineering design approach to problem solving through a series of design challenges, and includes real-world constraints such as budget, cost, time, risk, reliability, safety, and customer needs and demands. The theoretical bases for ETKs are the pedagogical philosophy of constructivism [11] , [12] and the associated principles of directed inquiry and active learning [13] . Students learn by actively engaging with the relevant concepts and methods through hands-on experimentation and investigation. Lessons are structured to develop understanding of key concepts at both abstract and concrete levels. The content of an ETK is tied to appropriate national and state education standards.
ETKs are also designed to integrate other subjects in the curriculum with the exploration of math, science, and engineering concepts. For example, an interdisciplinary team of eighth-grade teachers at a Central Virginia middle school uses the Catapults in Action ETK as the basis for a weeklong series of integrated classes on medieval history. The potential for similar multidisciplinary activities can be found in all ETKs.
Although current ETKs are targeted to middle school students, we have successfully used them with groups ranging in age from second grade to college professors. The kits require more direction and scaffolding for younger audiences, but the approach works well at all levels. Other programs in which ETKs have been used include UVa's Introduction to Engineering (ITE) program [14] ; UVa's ExxonMobil-Bernard Harris Summer Science Camp; and workshops at ASEE [15] , FIE ([16] - [18] ), NSTA, and VAST. Participant feedback from both the camp sessions and professional development workshops has been positive overall, with [15] detailing the learning that participants in professional development workshops experience.
Over 50 ETKs have been developed so far; a dozen are in frequent use in schools in ten states. The most popular ETKs are RaPower (solar cars), Save the Penguins (heat transfer), HoverHoos (hovercrafts), Under Pressure (submersible vehicles), Brainiacs (brain surgery/biomedical engineering), Catapults in Action (projectile motion), Bridges to Engineering (bridge design and construction), Electricity Rocks (electromagnetism and sound), Filtering Ideas (water filtration), and Aerospace Vehicles (planes and rockets).
SAVE THE PENGUINS
In the Save the Penguins ETK, students are challenged to create a dwelling that reduces heat transfer in order to keep a penguin-shaped ice cube from melting. Save the Penguins is designed to address students' alternative conceptions about heat, heat transfer, and temperature; address state and national science standards; increase student interest in science; and give students the opportunity to learn more about engineering by actively participating in the engineering design process. Students learn about heat, temperature, controls and variables in experimental methodology, insulators and conductors, and other material properties as they assemble the dwelling [9] , [19] .
After working through discrepant event exercises which challenge student misconceptions regarding insulators, the direction and nature of heat transfer, and conduction, students are given a budget for purchasing materials for their "penguin house." The materials include bubble wrap, aluminum foil, colored construction paper, colored foam sheets, Mylar film, wooden sticks, cotton balls, and cupcake liners. They perform experiments to test the insulating properties of the materials before purchasing them. Finally, students design and build the dwelling for their ice penguin.
The concluding set of activities introduces students to the iterative nature of the engineering design process. Each student group places a 10 gram ice penguin in their "house." The "houses" containing the penguins are then placed into a test oven which consists of a plastic box painted black on the bottom, lined with aluminum foil, with three 150W heat lamps shining down into it. After 20 minutes in the test oven, students are instructed to remove their houses and find the mass of the remaining ice using digital scales. The class then discusses how they think certain materials may have contributed to or prevented heat transfer, identify how much ice melted, and brainstorm possible design modifications to their "house." Student teams then use the ideas and suggestions from their peers to redesign their penguin "house" to improve its performance and retest. This iterative process is also a key component of the social constructivist philosophy of education in which ETKs are grounded.
As part of the on-going class discussion, the teacher relates the ideas of heat transfer to real world concerns. An example is how well-insulated houses protect the health of our environment by reducing the need for fossil or nuclear fuels to produce energy for environment control. The class also learns about innovations in building materials and the role that engineering plays in designing materials that protect our environment and its inhabitants and using them in structures that insure our comfort.
HOVERHOOS
In the HoverHoos ETK, students learn how a hovercraft works. Demonstrations of several hovercraft designs show students how all hovercrafts depend on the same concepts to operate. The concepts of friction, force, acceleration, drag, and propulsion are discussed and demonstrated, and then students complete a worksheet that requires them to connect propulsion and Newton's Laws of Motion.
Students are provided with different materials to design and build their hovercrafts. They apply the concepts they learned during the week to design the most effective hovercraft to perform in a series of tests. The materials used We will review the literature on various types of misconceptions students hold regarding science concepts and means of assessing and remediating them. Demonstrations of effective discrepant events, a proven method for prompting conceptual change, will be given. A seminar format will be used to facilitate discussion. Participants will be encouraged to share their experiences.  ETK introduction and activities (1 hour) After a brief introduction to ETKs, groups of participants will work through four discrepant event exercises that identify and assess misconceptions: two from Save the Penguins and two from HoverHoos. The discrepant event exercises from Save the Penguins address misconceptions regarding insulation, radiation, conduction, the nature of heat, and the direction of heat transfer. The exercises from HoverHoos challenge misconceptions students may have with respect to drag, friction, and Newton's Third Law of Motion. Using these exercises as a template, participants will identify exercises in other ETKs that can be used in the assessment and remediation of misconceptions on topics such as buoyancy, volume, and density. After working through the activities and assessing their probable success in addressing particular misconceptions, we will discuss scaling the activities to various grade levels. This discussion will include a review of expectations as to cognitive development and skill levels for students in those grades.  Concluding activities and discussions (5 minutes)
The instructors will provide discussion notes, appropriate references, and activity materials. Participants will be registered with the ETK Collaborative web site for access to additional ETKs and supporting materials.
